Silicon carbide (SiC) nano-structures would be favorable for application in high temperature, high power, and high frequency nanoelectronic devices. In this study, we have deposited cubic-SiC nanowires on Au-deposited Si(001) substrates using 1,3-disilabutane as a single molecular precursor through a metal-organic chemical vapor deposition (MOCVD) method. The general deposition pressure and temperature were 3 0 × 10 −6 Torr and 1000 C respectively, with the deposition carried out for 1 h. Au played an important role as a catalyst in growing the SiC nanowires. SiC nanowires were grown using a gold catalyst, with amorphous carbon surrounding the final SiC nanowire. Thus, the first step involved removal of the remaining SiO 2 , followed by slicing of the amorphous carbon into thin layers using a heating method. Finally, the thinly sliced amorphous carbon is perfectly removed using an Ar sputtering method. As a result, this method may provide more field emission properties for the SiC nanowires that are normally inhibited by the amorphous carbon layer. Therefore, exclusion of the amorphous carbon layer is expected to improve the overall emission properties of SiC nanowires.
INTRODUCTION
One-dimensional, nanoscale building blocks, such as nanobelts, nanorods, nanotubes, and nanowires have been the focus of considerable interest given their potential application in fabrication of nanoscale electronic devices. They also provide an ideal model system to experimentally investigate the physical phenomena of dimensionality and the space-confine effect. Among the one-dimensional nanostructures, the nanowire, which distinctly differs from hollow nanotubes and solid nanowires, has been successfully fabricated recently. 1 One-dimensional semiconductor nanomaterials, including nanowires of Si, 2 C, 3 Au, 4 ZnO, 5 a GaN, 6 have been synthesized by various methods such as chemical vapor deposition (CVD), oxide-assisted growth, physical evaporation, and those methods based on the self-assembling of molecular templates. Silicon carbide has many superior properties, including a large energy band gap (2.3∼3.4 eV), high thermal conductivity * Authors to whom correspondence should be addressed.
(3.2∼4.9 W/Cm K), high electron mobility (1000 cm 2 /Vs), and good physical and chemical resistance. Several groups have successfully synthesized SiC nanowires (or nanorods) by a variety of techniques. For example, Dai et al. synthesized SiC nanorods through a carbon nanotube confining growth route, 7 while Hu et al. reported the preparation of 3C-SiC nanowires by a reduction-carburization approach. 8 Zhang et al. prepared SiC/SiO 2 core-sheet nanowires through a chemical vapor deposition route 9 and Wang et al. synthesized side-by-side, biaxially structured silicon carbide-silica nanowires at ∼1500 C. 10 Salama et al. prepared a carbon-rich 4H-SiC nanoribbon heterostructure using a laser direct-write method. 11 In this paper, we employed a metal-organic chemical vapor deposition method (MOCVD) to synthesize one-dimensional SiC nanowires. X-ray photoelectron spectroscopy (XPS) is an excellent technique for characterizing SiC nanostructures. The XPS analysis of the C (1s) peak is often modified by the presence of residual carbon, Si, and O in the SiC nanowire. be attributed to Si-C, C-O, C-O-H, and C C of the C (1s) peak. Waite and Shah 12 observed a single peak at a binding energy of 285.75 eV, attributed to diamond, while SiC and graphite that are formed together with diamond are observed at 283.0 and 284.6 eV, respectively. Belton et al. 13 attributed the 284.3, 282.7, and 285.1 eV peaks to diamond, SiC, and adventitious carbon, respectively. Arezzo et al. 14 suggested that the binding energies of diamond and graphite are 285.0 and 284.2 eV. The deconvolution of the C (1s) spectrum yields peak values of 284.4 and 285.2 eV that have been assigned to these 2 types of atoms, 14 15 giving a separation of about 0.8 eV between the sp 2 and sp 3 contributions. Leung et al. 16 assigned the 284.8 eV peak to the sp 2 -binding configuration in their DLC films while the peak at 285.7 eV was attributed to the sp 3 component. Residual carbon in the SiC nanowires reduces its field emission properties and as such, there exists a need to establish a method to exclude the residual carbon. In this study, we firstly deposited SiC nanowires on gold-covered Si(100) substrates using a single molecular precursor at a deposition temperature of 1000 C by a high vacuum metal-organic chemical vapor deposition (MOCVD) method. Research about a method to exclude the amorphous carbon layer using various methods such as thermal heating, oxygen atmosphere, and Ar sputtering was also carried out.
EXPERIMENTAL DETAILS

SiC Nanowires Growth
The silicon carbide nanowires were grown in a homemade, high vacuum metal organic chemical vapor deposition system. The p-type 001 orientated silicon wafer was cut into rectangle pieces, 40 × 8 mm 2 , and used as a base substrate for the growth of the silicon carbide nanowires in this work. Prior to their growth, the substrate surface was degreased accordingly: 10 min in an ultrasonic cleaner containing acetone; dipped in DI water for 10 min; dipped in 10 wt% HF solution for 15 s; rinsed with DI water; and flushed in a nitrogen flow. We also prepared metal catalyst-coated Si(001) substrates. The gold (Au) catalyst was deposited on the substrate using a thermal evaporation method. The general growth conditions were a high vacuum pressure of 3 0 × 10 −6 Torr and a temperature of 1000 C. The 1,3-disilabutane was employed as a single source for the growth of the silicon carbide nanowires, which were grown directly onto the substrate, gold metal catalyst deposited onto Si(001) surface. 2 Theta
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Exclusion of Amorphous Carbon in SiC Nanowires
In this study, three exclusion methods for the amorphous carbon in the SiC nanowire were attempted: thermal heating; heating in oxygen atmosphere; and Ar sputtering. The thermal heating method involves technology that breaks down the binding energy of the amorphous carbon at a high temperature, 900 C. Heating in an oxygen atmosphere targets amorphous carbon exclusion through the C-O interaction at high temperatures such as 600 and 900 C. Finally, Ar sputtering is a method of amorphous carbon layer removal using an Ar ion or radical generated by plasma. The experimental conditions of these methods were developed in ultra high vacuum system, Table I . The as-grown SiC nanowires were characterized by X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM), and Transmission electron microscopy (TEM). In addition, exclusion of amorphous carbon experiments were analyzed using X-ray photoelectron spectroscopy (XPS), through which, the chemical characteristic of the exclusion amorphous carbon layer were confirmed. Fig. 2. (a) XPS results of the SiC nanowire for the exclusion of the amorphous carbon layer using the thermal heating method. Figure (b) shows the XPS results of the same sample using the thermal heating method in atmosphere oxygen. Figure 1(a) shows the XRD patterns of the -SiC nanowires grown at a deposition pressure of 3 0 × 10 −6 Torr, for 1 h, under the deposition temperature of 1000 C, using a gold catalyst. The XRD pattern exhibits characteristic peaks of -SiC at 2 = 35 6 , 41.4 , 60.0 , and 71.8 , which refer to the diffraction of -SiC (111), (200), (220), and (311) planes. To compare the JCP card index with Figure 1(a) , we can conclude that the growth product has a zinc-blend structure ( -SiC). In addition, since there are four peaks in Figure 1(a) , a polycrystalline SiC nanowire has been obtained in our study. Conclusively, -SiC nanowires on metal catalyst-coated Si(001) substrates deposited at 1000 C are polycrystalline and also exhibit a zinc-blend structure. nanorods are straight-grown on the substrate, at a high density.
RESULTS AND DISCUSSION
Characterizations of SiC Nanowires
To investigate in greater depth the structure of as-deposited -SiC nanowires, transmission electron microscopy (TEM), combined with energy dispersive X-ray (EDX) analyses, were performed. For the TEM experiments, the -SiC nanowires grown using gold (Au) catalyst at 1000 C for 1 h were prepared. Figure 1(c) shows the typical TEM image obtained from a -SiC nanowire, where the grown -SiC nanowire is wrapped with an amorphous layer, with a thickness of approximately 2 nm. We can confirm that this layer is amorphous carbon through electron diffraction (ED) data (see inset of Fig. 1(c) ). Because the metal-organic source used in this experiment contains carbon atoms, we speculated that this amorphous carbon layer originated from the precursor. The inset image (right) in Figure 1(c) shows the corresponding selected area electron diffraction (ED) pattern obtained from the same nanowire, indicating a circular form, of a polycrystalline nature. Fig. 4 . 2-step process schematic diagram for exclusion of the amorphous carbon layer.
Exclusion Analysis of the Amorphous
Carbon Layer by XPS Figure 2 (a) shows the high-resolution spectra of Si(2p) and C (1s) obtained before/after the thermal heating. Highresolution XP spectra show that the SiO 2 peak appearing at 103.4 eV decreased, and that the SiC peak at 282.4 eV increased when the substrate temperature increased to 900 C, indicating that desorption of CO or CO 2 was combined by amorphous carbon and SiO 2 . Figure 2 (b) shows high-resolution spectra of Si(2p) and C (1s), measured after thermal heating at 600 and 900 C, respectively, in an oxygen atmosphere to remove residual SiO 2 . From the experiment at 600 C, we confirmed the SiO 2 as the source of the material remaining behind on the SiC nanowire surface that was perfectly removed by combination with amorphous carbon, indicating that an oxygen effect plays an important role in removal of the SiO 2 in an oxygen atmosphere. In addition, both Si (2p) and C (1s) peak intensities decreased when heated at 900 C, denoting XPS Analysis by Exclusion of a-Carbon Layer on Silicon Carbide Nanowires that the surface of the amorphous carbon layer becomes smooth and that the number of electrons decrease, which is detected as a result of a decrease in thickness, thinning. As a result, the C-C bonding combination peak that appears at 283.9 eV was not removed under conditions of the thermal heating method. However, this method perfectly removed the remaining SiO 2 and made thin and smooth the amorphous carbon surface. Figure 3 shows the high-resolution (HR) XPS data, indicating the reduction in the residual amorphous carbon from the Ar sputtering method. The Si(2p) peak did not show change in the sample conditions of 3.1∼3.3, but intensity increases in the condition of 3.4, as well as changes in binding energy from 100.9 eV to 100.3 eV. The C (1s) peak showed that intensity decreases and shifts by lower binding energies in the condition of 3.4, similarly in Figure 3(b) , indicating that the surface of the SiC nanowire appeared perfectly to the exterior as the amorphous carbon is perfectly removed in the condition of 3.4.
CONCLUSION
We have grown -SiC nanowires on gold-catalyzed Si(001) substrates using single molecular precursors of 1,3-disilabutane at temperatures below 1000 C by a thermal MOCVD method. In the case of gold as a catalyst, deposited SiC nanowires show that thin and shorter SiC nanorods are straightly grown on the substrates at a high density. TEM analysis results show the grown -SiC nanowires wrapped with an amorphous carbon layer with a thickness of approximately 2∼3 nm. We proposed a method for removal of the amorphous carbon layer enclosing the SiC nanowire, Figure 4 . The first step involves removal of the remaining SiO 2 , followed by cutting the amorphous carbon layer into thin slices using a heating method. Finally, the thin, amorphous carbon slices were perfectly removed using an Ar sputtering method. As a result, this method may yield forth more potential field emission properties of nanowires previously inhibited by the amorphous carbon layer.
